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REMHFWLYHUHVXOW LQWKHSURFHVVRIDVVHVVPHQWRIHQYLURQPHQWDOLPSDFW7KHWUDQVSRUWDWLRQVHFWRULQ(XURSH8QLRQLV 
WKHVHFRQGODUJHVWVRXUFHRI*+*HPLVVLRQVIROORZHGE\HQHUJ\VHFWRUZLWKDWHQGHQF\IRUHPLVVLRQJURZWK7KHURDG
WUDQVSRUWDWLRQZDVDFFRXQWHG IRURI WRWDO*+*HPLVVLRQV LQ%HWZHHQDQG&2HPLVVLRQV
IURPURDGWUDQVSRUWDWLRQLQFUHDVHGE\ >@ 7KHWUDIILFLPSDFWRQWKHHQYLURQPHQWLQFOXGLQJDLUTXDOLW\LVFDXVHG
E\ WUDIILF DQG PRWRUZD\ LQWHUDFWLRQ ZKLFK LV HQKDQFHG E\ QDWXUDO FDXVHV ± PHWHRURORJLFDO UHOLHI HQYLURQPHQWDO
FRQGLWLRQV, JURZWK RI YHJHWDWLRQ >@ 3ROOXWDQW HPLVVLRQV RI YHKLFOHV GHSHQG RQ PDQ\ SDUDPHWHUV VXFK DV YHKLFOH
ZHLJKWIXHOW\SHHQJLQHFDSDFLW\GULYLQJSDWWHUQURDGJUDGLHQWDQGWKHOHYHORIPDLQWHQDQFHRIWKHYHKLFOH>@.7KH
PDLQLPSDFWVRIURDGYHKLFOHVDUHSROOXWDQW12[30&262[DQGEHQ]HQHHPLVVLRQVLQWKHDLUDQGWKHQRLVH>@
7KHFRQFHQWUDWLRQRIDLUSROOXWDQWVDQGQRLVHLVGLUHFWO\GHSHQGLQJRQPRWRUWUDQVSRUWLQWHQVLW\DQGDOVRGULYLQJKDELWV
> @ 7KH FRUUHODWLRQ EHWZHHQ WKH SROOXWDQW HPLVVLRQ FRQFHQWUDWLRQ DQG WKH QXPEHU RI FDUV ZDV IRXQG >@
0DWKHPDWLFDO VWDWLVWLFDO PHWKRGV VXFK DV FRUUHODWLRQ DQG UHJUHVVLRQ DQDO\VLV DUH VWLOO ZLGHO\ XVHG WR ILQG WKH
UHODWLRQVKLSEHWZHHQWZRRUPRUHSDUDPHWHUV >@ $QHPSLULFDOPRGHOLVVWLOOWKHPRVWDSSURSULDWHZD\WRH[SUHVVWKH
PDJQLWXGHDQGIOXFWXDWLRQVRIWUDIILFQRLVH>@7KHDLPRIWKLVSDSHULVWRILQGSDUDPHWHUVE\WKHKHOSRIRQHIDFWRU
OLQHDUDQGQRQOLQHDUPRGHOVE\UHJUHVVLRQDQDO\VLVDQGWRVHOHFWWKHW\SHRIUHJUHVVLRQ 
0HWKRGV
(PLVVLRQVRIDLUSROOXWDQWV3012[DQGQRLVHFRUUHODWLRQZLWKWKHQXPEHURIFDUVRQWKHURDGIRUDWLPHXQLWDUH
EDVHGRQ WKH DFWXDOPHDVXUHPHQWV DQGPRGHO FDOFXODWLRQV 7KHGDWDRQ WKHPRVW UHOHYDQW HQYLURQPHQWDO LQGLFDWRUV
KDYHEHHQREWDLQHGIURP(,$UHSRUWVRIPRWRUURDGSURMHFWVLQ/DWYLD7KHSURFHVVLQJRIHPSLULFDOGDWDWRREWDLQ
HTXDWLRQVIRUGHWHFWLQJLQGLFDWRUFKDQJHVDVDIXQFWLRQRIWKHIORZRIFDUVZDVPDGHXVLQJVWDWLVWLFDOGDWDSURFHVVLQJ
PHWKRGVFRUUHODWLRQDQGUHJUHVVLRQDQDO\VLV,QWKLVVWXG\WKHSURFHVVLQJRIVWDWLVWLFDOGDWDDQGWKHGHYHORSPHQWRID
VLQJOHIDFWRUHPSLULFDOPRGHOZDVSHUIRUPHGXVLQJ67$7*5$3+,&63OXVVRIWZDUHFUHGLELOLW\ LQWHUYDOV IRU
WKH PHDQ DQG LQGLYLGXDO LQGLFDWRU YDOXHV KDYH EHHQ VHW IRU DOO LQGLFDWRU FKDQJHV ZLWK WKH KHOS RI WKH PRGHO
FDOFXODWLRQV RI XQFHUWDLQW\ FKDUDFWHUL]HG E\ DYHUDJH YDOXHV UHJUHVVLRQ OLQH FRQILGHQFH LQWHUYDO ZKLOH WKH QHZ
PHDVXUHPHQWXQFHUWDLQW\RIWKHIRUHFDVWVXVHGLQGLFDWRURILQGLYLGXDOYDOXHVRIWKHLQWHUYDO
2.1. Determination of the noise indicator model and its parameters 
7KHVL]HRIWKHGDWDVHWXVHGWRGHWHUPLQHWKHFKDQJHVLQWKHQRLVHLQGLFDWRUZDV7KHUHODWLRQVKLSEHWZHHQWKH
SDUDPHWHUVLQRUGHUWRVHOHFWWKHW\SHRIUHJUHVVLRQHTXDWLRQKDVEHHQFODULILHGZLWKWKHKHOSRIVLQJOHIDFWRUOLQHDU
DQGQRQOLQHDUPRGHOVDQGE\SHUIRUPLQJDUHJUHVVLRQDQDO\VLV7KHVHOHFWLRQRIWKHEHVWHTXDWLRQZDVPDGHRQWKH
EDVLVRIWKHYDOXHVRIWKHFRUUHODWLRQFRHIILFLHQWDQGWKHVTXDUHRIWKHFRUUHODWLRQFRHIILFLHQW7KHFORVHQHVVRIWKH
OLQN FRUUHODWLRQ EHWZHHQ WKH UDQGRP LQGHSHQGHQW IORZ RI FDUV DQG GHSHQGHQW LQGLFDWRUV YDULDEOHV FDQ EH
PHDVXUHG XVLQJ D FRUUHODWLRQ FRHIILFLHQW R ,Q WKH FDVH RI D VLQJOHIDFWRU PDWKHPDWLFDO PRGHO WKH 3HDUVRQ
H[SUHVVLRQLVXVHG(T

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ZKHUH
xi, yi SDLUVRILQGHSHQGHQWDQGWKHLUFRUUHVSRQGLQJGHSHQGHQWYDULDEOHV
x, y DYHUDJHDULWKPHWLFYDOXHVRIWKHSDLUVRILQGHSHQGHQWDQGWKHLUFRUUHVSRQGLQJGHSHQGHQWYDULDEOHV
Sx, Sy VDPSOHYDULDQFHRIWKHYDULDEOHV

$ FRPSDUDWLYH DQDO\VLV RI YDULRXVPRGHOV VKRZV WKDWZKHQGHWHUPLQLQJ FKDQJHV LQ WKH QRLVH LQGLFDWRU EHWWHU
SDUDPHWHUVFDQEHREWDLQHGXVLQJDQRQOLQHDUPRGHO

Y=aX-b 
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6HYHUDO PRGHOV ZKHUH YDULDEOHV DUH QRQOLQHDU PD\ EH WUDQVIRUPHG LQWR OLQHDU PRGHOV E\ WUDQVIRUPLQJ WKH
YDULDEOHV:HREWDLQWKHIROORZLQJHTXDWLRQZKHQZHFRQYHUWPRGHO(TLQWRDORJDULWKP

OQOQOQ Xba=Y   
  
ZKHUHWKHUHODWLRQVKLSEHWZHHQWKH<DQG;ORJDULWKPVLVOLQHDU$ORJ±OLQHDURUORJORJPRGHOLVREWDLQHGDQG
VLQJOHIDFWRU UHJUHVVLRQ DQDO\VLV RI WKH OLQHDU PRGHOV FDQ EH DSSOLHG %\ FRQYHUWLQJ (T  LQWR D ORJDULWKPLF
HTXDWLRQ WKH PRGHO LV PDGH OLQHDU DQG DQDO\VLV LV VLPSOLILHG 7DEOH  VKRZV WKH VWDWLVWLFDO VLJQLILFDQFH RI WKH
PRGHO¶VSDUDPHWHUVDQGDQDVVHVVPHQWRIWKHPRGHOLWVHOI
7DEOH&KDUDFWHULVWLFRIWKHQRQOLQHDUPRGHOIRUQRLVH
NoteGHSHQGHQWYDULDEOH,WLQGHSHQGHQWYDULDEOH1GLQWHUFHSW OQD

7KHQRLVHLQGLFDWRUFKDQJHPRGHOUHJUHVVLRQHTXDWLRQGHWHUPLQHGXVLQJUHJUHVVLRQDQDO\VLVLV

 NdIt=  

,WVKRXOGEHQRWHGWKDWLQ(TWKHFRHIILFLHQWaYDOXHFRUUHVSRQGVWRYDOXHLQ7DEOH7KHVHYDOXHV
DUH OLQNHG E\ WKH H[SUHVVLRQ ln  7KH FKDQJHV LQ WKH QRLVH LQGLFDWRU GHVFULEHG E\(T  DUH VKRZQ
JUDSKLFDOO\ LQ )LJ 7KH FRQILGHQFH LQWHUYDOV IRU DYHUDJH DQG VSHFLILF YDOXHV RI WKH QRLVH LQGLFDWRU It IRU D
SUREDELOLW\RIDUHDOVRVKRZQLQ)LJ


)LJ&KDQJHVLQWKHQRLVHLQGLFDWRUDVDIXQFWLRQRIWKHIORZRIFDUVDQGFRQILGHQFHLQWHUYDOVIRUWKHDYHUDJHDQGLQGLYLGXDOYDOXHRIWKHLQGLFDWRU
5HJUHVVLRQ$QDO\VLV0XOWLSOLFDWLYHPRGHO
bXY=au 
3DUDPHWHU (VWLPDWH 6WDQGDUG(UURU 76WDWLVWLF 39DOXH
,QWHUFHSW    
6ORSH    
$QDO\VLVRI9DULDQFH 
6RXUFH 6XPRI6TXDUHV 'I 0HDQ6TXDUH )5DWLR 39DOXH
0RGHO     
5HVLGXDO     
7RWDO&RUU     
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2.2. Determination of the particulate matter (PM) indicator model and its parameters 
7R GHWHUPLQH FKDQJHV LQ WKH LQGLFDWRU IRU 30 D GDWD VHW RI VL]H RIm  ZDV XVHG 7KH DQDO\VLV RI YDULRXV
VLQJOHIDFWRUUHJUHVVLRQPRGHOVVKRZVWKDWWKHEHVWSDUDPHWHUVIRUGHWHUPLQLQJFKDQJHVLQWKHLQGLFDWRUIRU30DUH
WKRVHLQWKHQRQOLQHDUPRGHO(T7KHVWDWLVWLFDOVLJQLILFDQFHVRIWKHSDUDPHWHUVRIWKHPRGHODQGDQHYDOXDWLRQ
RIWKHPRGHODUHJLYHQLQ7DE
7DEOH&KDUDFWHULVWLFRIWKHQRQOLQHDUPRGHOIRU30
NoteGHSHQGHQWYDULDEOH,SPLQGHSHQGHQWYDULDEOH1LQWHUFHSW OQD

7KH YDOXH RI WKH FRUUHODWLRQ FRHIILFLHQW REWDLQHG LV R   DQG R2   7KLV PHDQV WKDW D VWURQJ
FRUUHODWLRQEHWZHHQYDULDEOHVFDQEHREVHUYHGDQG WKHPRGHODFFRXQWV IRURIFKDQJHV IRU WKHGHSHQGHQW
YDULDEOH IPM7KHPRGHO UHJUHVVLRQ HTXDWLRQ IRU FKDQJHV LQ WKH LQGLFDWRU IRU30GHWHUPLQHGXVLQJ D UHJUHVVLRQ
DQDO\VLVLV

 N=I PM   

)LJVKRZVWKHFKDQJHVLQWKHLQGLFDWRUIRU30GHVFULEHGLQ(T0HDQDQGVSHFLILFYDOXHVRIWKHLQGLFDWRU
IRU30IPMFRUUHVSRQGLQJWRDSUREDELOLW\RIDUHDOVRJLYHQLQ)LJ$VLWFDQEHVHHQLQ7DEOHWKHYDOXHRI
WKH)LVKHUFULWHULRQ GHWHUPLQHGE\GLVSHUVLRQDQDO\VLVFDUULHGRXWE\DFRPSXWHUSURJUDP LVF 7KH WDEOH
YDOXHRIWKH)LVKHUFULWHULRQLVFtab ,WFDQEHREVHUYHGWKDWWKHUHODWLRQVKLSLVVXFKWKDWF>FtabDQG(TLV
DGHTXDWHDQGFDQEHXVHGIRUGHVFULELQJWKHFKDQJHVLQWKHLQGLFDWRUIRU30ZLWKLQWKHVWDWHGERXQGDULHV


)LJ&KDQJHVLQWKHLQGLFDWRUIRU30DVDIXQFWLRQRIWKHFDUVIORZDQGSUREDELOLW\LQWHUYDOVIRUDYHUDJHDQGVSHFLILFLQGLFDWRUYDOXHV
 
5HJUHVVLRQ$QDO\VLV0XOWLSOLFDWLYHPRGHO bXY=au 
3DUDPHWHU (VWLPDWH 6WDQGDUG(UURU 76WDWLVWLF 39DOXH
,QWHUFHSW    
6ORSH    
$QDO\VLVRI9DULDQFH 
6RXUFH 6XPRI6TXDUHV 'I 0HDQ6TXDUH )5DWLR 39DOXH
0RGHO     
5HVLGXDO     
7RWDO&RUU     
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2.3. Determination of the NOx indicator model and its parameters 
$GDWDVHWRIVL]Hm ZDVXVHGWRGHWHUPLQHFKDQJHVLQWKHLQGLFDWRUIRUQLWURJHQR[LGH$FRPSDUDWLYHDQDO\VLV
RIYDULRXVVLQJOHIDFWRUUHJUHVVLRQPRGHOVVKRZV WKDW WKHEHVWSDUDPHWHUVIRUGHWHUPLQLQJFKDQJHV LQ WKHQLWURJHQ
R[LGHLQGLFDWRUDUHWKRVHRIDQRQOLQHDUPRGHO(T7KHVWDWLVWLFDOVLJQLILFDQFHRIWKHPRGHO¶VSDUDPHWHUVDQGDQ
DVVHVVPHQWRIWKHPRGHOLWVHOIDUHJLYHQLQ7DEOH
7KH7DEOHVKRZVWKDWWKHPYDOXHVRIWKHVLJQLILFDQFHOHYHODUHOHVVWKDQZKLFKPHDQVWKDWWKHSDUDPHWHUV
RIWKHHTXDWLRQDUHVLJQLILFDQWZLWKDFRQILGHQFHOHYHO7KHYDOXHRIWKHFRUUHODWLRQFRHIILFLHQWRLVDQG
WKDW RIR2 LV  7KLVPHDQV WKDW D FORVH FRUUHODWLRQ EHWZHHQ WKH YDULDEOHV FDQ EH REVHUYHG DQG WKHPRGHO
HVWDEOLVKHGDFFRXQWVIRURIWKHFKDQJHVLQWKHGHSHQGHQWYDULDEOHINOx
7DEOH&KDUDFWHULVWLFRIWKHQRQOLQHDUPRGHOIRU12[
NoteGHSHQGHQWYDULDEOH,12[LQGHSHQGHQWYDULDEOH1LQWHUFHSW OQD

7KHPRGHOIRUFKDQJHVLQWKHQLWURJHQR[LGHLQGLFDWRUGHWHUPLQHGZLWKWKHKHOSRIUHJUHVVLRQDQDO\VLVLHWKH
UHJUHVVLRQHTXDWLRQLV

 N=I NOx                                                                                                                                                                                                        

&KDQJHV LQ WKH QLWURJHQR[LGH LQGLFDWRU GHVFULEHGE\(T  DUH VKRZQJUDSKLFDOO\ LQ)LJ 7KHJUDSK DOVR
VKRZV WKH   FRQILGHQFH OHYHOV IRU PHDQ DQG FHUWDLQ RWKHU YDOXHV RI WKH QLWURJHQ R[LGH LQGLFDWRU INOX 7KH
FDOFXODWLRQ PDGH LQ WKH SUHYLRXV VHFWLRQ VKRZV WKDW WKH GHJUHHV RI IUHHGRP QHFHVVDU\ WR GHWHUPLQH WKH )LVKHU
FULWHULRQDUH f1  DQG f2 7DEOH VKRZV WKDW WKHYDOXHFRI WKH)LVKHUFULWHULRQGHWHUPLQHGE\DGLVSHUVLRQ
DQDO\VLVFDUULHGRXWXVLQJDFRPSXWHUSURJUDPPHLV7KHWDEOHYDOXHRIWKH)LVKHUFULWHULRQFtabLVZKHUH
WKHVLJQLILFDQFH OHYHOP LV,WFDQEHVHHQ WKDW WKHUHODWLRQVKLSEHWZHHQFDQGFtabLVVXFK WKDWF > Ftab7KLV
PHDQV WKDW UHJUHVVLRQ HTXDWLRQ  LV VXLWDEOH DQG FDQEHXVHG WRGHVFULEH WKHQLWURJHQR[LGH LQGLFDWRUZLWKLQ LWV
UDQJHRIYDULDWLRQ

)LJ&KDQJHVLQWKHLQGLFDWRUIRU12[DVDIXQFWLRQRIWKHFDUVIORZDQGSUREDELOLW\LQWHUYDOVIRUPHDQDQGVSHFLILFLQGLFDWRUYDOXHV
5HJUHVVLRQ$QDO\VLV0XOWLSOLFDWLYHPRGHO bXY=au 
3DUDPHWHU (VWLPDWH 6WDQGDUG(UURU 76WDWLVWLF 39DOXH
,QWHUFHSW    
6ORSH    
$QDO\VLVRI9DULDQFH 
6RXUFH 6XPRI6TXDUHV 'I 0HDQ6TXDUH )5DWLR 39DOXH
0RGHO     
5HVLGXDO     
7RWDO&RUU     
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5HVXOWV
7KH UHJUHVVLRQ HTXDWLRQ REWDLQHG LV WKH PDWKHPDWLFDO PRGHO RI WKH DQDO\VHG SKHQRPHQRQ ZKLFK KDV WR EH
HYDOXDWHGIXUWKHU7KHHYDOXDWLRQKDVEHHQGRQHXVLQJGLVSHUVLRQDQDO\VLVZLWK)LVKHUFULWHULRQF)RUWKLVSXUSRVH
WKHUHODWLRQVKLSEHWZHHQWKHGLVSHUVLRQRIWKHGHSHQGHQWYDULDEOHDQGWKHUHVLGXDOGLVSHUVLRQLVFRQVLGHUHG

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ZKHUH
S2y(f1) WKHGLVSHUVLRQRIWKHGHSHQGHQWYDULDEOHy
S2atl(f2) WKHUHVLGXDOGLVSHUVLRQ

7KHUHVLGXHLVWKHGLIIHUHQFHEHWZHHQWKHYDOXHRIYDULDEOHDQGWKHYDOXHFDOFXODWHGXVLQJWKHUHJUHVVLRQHTXDWLRQ
yi – yicalc7KHGHJUHHVRIIUHHGRPf1DQGf2FDQEHFDOFXODWHGXVLQJWKH(T

=m-f ; =m-nf  

ZKHUH
m WKHVL]HRIWKHGDWDVHW
n WKHQXPEHURILQGHSHQGHQWYDULDEOHVLQWKHUHJUHVVLRQHTXDWLRQ

7KHFFULWHULRQFDQEHGHWHUPLQHGIURPGDWDWDEOHVWDNLQJLQWRWKHDFFRXQWWKHGHJUHHVRIIUHHGRPf1DQGf2DQG
DOVR WKH OHYHO RI VLJQLILFDQFH P 7KH YDOXH RI WKH )LVKHU F FULWHULRQ IRU QRLVH LV  VHH 7DEOH  ,W ZDV
GHWHUPLQHGXVLQJDGLVSHUVLRQDQDO\VLV7KHFDOFXODWHGYDOXH LV FRPSDUHGZLWKD FULWHULRQ WDEOHYDOXHGHWHUPLQHG
XVLQJWKHYDOXHVRIWKHGHJUHHVRIIUHHGRPf1=20-1=19, f2=20-2=187KH)LVKHUFULWHULRQWDEOHYDOXHFtabLV,W
LVHYLGHQW WKDWWKHUHODWLRQF>Ftab LVYDOLGDQGWKHUHIRUH(T LVDGHTXDWHDQGFDQEHXVHGWRGHVFULEHWKHQRLVH
LQGLFDWRUZLWKLQLWVUDQJHRIYDULDWLRQ
5HJUHVVLRQ(TLVXVHGWRGHWHUPLQHWKHDYHUDJHYDOXHVRIWKHQRLVHLQGLFDWRUDVDIXQFWLRQRIWKHIORZRIFDUV
7KHVHYDOXHVGLIIHUIURPWKHDFWXDOYDOXHVEHFDXVHWKH\KDYHEHHQGHWHUPLQHGXVLQJDNQRZQXQFHUWDLQW\GHVFULEHG
E\WKHFRQILGHQFHLQWHUYDORIWKHXQFHUWDLQW\7KHYDOXHDQGWKHLQWHUYDOLQWRZKLFKWKHPHDVXUHGYDULDEOHILWVKDYH
WREHNQRZQWRJHWDIXOOSLFWXUHRIWKHPHDVXUHGYDULDEOH(TFDQEHXVHGWRGHWHUPLQHWKHFRQILGHQFHLQWHUYDO
RIWKHDYHUDJHYDULDEOH>@

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
ZKHUH
t WKHWVWDWLVWLFLQOLQHZLWK6WXGHQW¶VGLVWULEXWLRQODZ
Į VLJQLILFDQFHOHYHOm-2LVDGHJUHHRIIUHHGRPRIWKHDYHUDJHYDULDEOH
SIt DTXDGUDWLFGHYLDWLRQRIWKHDYHUDJHLQGLFDWRU

7KHURRWPHDQVTXDUHGHYLDWLRQRIWKHDYHUDJHQRLVHLQGLFDWRULVFDOFXODWHGXVLQJWKLVIRUPXOD(T

  



¸
¸
¹
·
¨
¨
©
§ 
¦

i
X
tI X
X+
m
ı=s  


 Liga Lieplapa et al. /  Energy Procedia  95 ( 2016 )  249 – 256 255
ZKHUH
m WKHDYHUDJHYDOXHRIWKHIORZRIFDUV
X0 WKHREVHUYHGYDOXHRIWKHIORZRIFDUV
Xi WKHDYHUDJHYDOXHVIRUWKHIORZVRIFDUVLQWKHGDWDVHW

3HUIRUPLQJFDOFXODWLRQVXVLQJ(TWKURXJKRXWWKHHQWLUHFDUIORZLQWHUYDOXSSHUDQGORZHUFRQILGHQFHOLPLWV
DUHREWDLQHGFRQILGHQFHLQWHUYDOVDUHVKRZQDVK\SHUEROLFFXUYHVWRWKHFORVHVWUHJUHVVLRQOLQH)LJ:KHQ
HYDOXDWLQJLQWHUYDOVIRUVSHFLILFQRLVHLQGLFDWRUYDOXHVXVLQJ(TERWKXQH[SODLQHGYDULDWLRQVLQWKHYDULDEOHVDQG
WKHXQFHUWDLQW\RIWKHUHJUHVVLRQDUHWDNHQLQWRWKHDFFRXQW7KHUHIRUHWKHDYHUDJHURRWPHDQVTXDUHGHYLDWLRQRIWKH
VHW LQFUHDVHVGXH WR WKH LQFUHDVHRI WKH URRWPHDQVTXDUHGHYLDWLRQ7KHFRQILGHQFH LQWHUYDO IRU WKHVSHFLILFQRLVH
LQGLFDWRUYDOXHGHVFULEHVWKHGLIIHUHQFHEHWZHHQPHDQDQGVSHFLILFPHDVXUHPHQWYDULDEOHV7KHFRQILGHQFHLQWHUYDO
IRUWKHVSHFLILFYDULDEOHVLVGHILQHGE\WKHH[SUHVVLRQ>@
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7KHURRWPHDQVTXDUHGHYLDWLRQRIWKHVSHFLILFQRLVHLQGLFDWRULVFDOFXODWHGDVIROORZV(T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
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&RQILGHQFHLQWHUYDOVIRUVSHFLILFQRLVH30DQG12[LQGLFDWRUVDUHUHSUHVHQWHGJUDSKLFDOO\LQ)LJ7KRVHDUH
WKHRQHVZKLFKDUHIXUWKHVWIURPWKHUHJUHVVLRQOLQHFXUYH:KHQORRNLQJDWWKHFXUYHVRIFRQILGHQFHLQWHUYDOVLWFDQ
EH VHHQ WKDW PLQLPXP YDOXHV DUH QHDU WKH PHDQ YDOXHV RI FDU IORZV DQG LQFUHDVH ZKHQ PRYLQJ WRZDUGV WKH
PLQLPXPDQGPD[LPXPERXQGDU\YDOXHVRIWKHIORZV7KLVPHDQVWKDWPRUHDFFXUDWHIRUHFDVWVRIWKHYDOXHVFDQEH
IRXQGLQWKHFHQWUHRIWKHGDWDVHW
7KHGHJUHHVRIIUHHGRPf1DQGf2QHHGHGIRUGHWHUPLQLQJWKH)LVKHUFULWHULRQIRU30DUHFDOFXODWHGXVLQJ(T
f1=7-1=6, f2=7–2=5.7KHYDOXHRIWKH)LVKHUFULWHULRQGHWHUPLQHGE\GLVSHUVLRQDQDO\VLV7DEOHLVF 7KH
WDEOHYDOXHRIWKH)LVKHUFULWHULRQLVFtab ,WFDQEHREVHUYHGWKDWWKHUHODWLRQVKLSLVVXFKWKDWF>Ftab(TLV
DGHTXDWHDQGFDQEHXVHGIRUGHVFULELQJWKHFKDQJHVLQWKHLQGLFDWRUIRU30ZLWKLQWKHVWDWHGERXQGDULHV
7KHGHJUHHVRIIUHHGRP f1DQG f2QHHGHGIRUGHWHUPLQLQJWKH)LVKHUFULWHULRQIRU12[DUHFDOFXODWHGXVLQJ(T
 f1  DQG f2 7KHYDOXHFGHWHUPLQHGE\DGLVSHUVLRQDQDO\VLVFDUULHGRXWXVLQJDFRPSXWHUSURJUDPPH LV
7DEOH7KHWDEOHYDOXHRIWKH)LVKHUFULWHULRQFtab.LVZKHUHWKHVLJQLILFDQFHOHYHOPLV$OVRLQ
WKLVFDVH WKHFRQGLWLRQF > Ftab. LV IXOILOOHG VR(T  LV VXLWDEOHDQGFDQEHXVHG WRGHVFULEH WKHQLWURJHQR[LGH
LQGLFDWRUZLWKLQLWVUDQJHRIYDULDWLRQ
&RQFOXVLRQDQGGLVFXVVLRQ
7R GHWHUPLQH WKH EHVWPRGHOV UHJUHVVLRQ HTXDWLRQV IRU WKH QRLVH SDUWLFXODWHPDWWHU 30 DQG QLWURJHQ R[LGHV
LQGLFDWRU FKDQJHGHSHQGLQJRQ WUDIILF IORZ VWDWLVWLFDO DQDO\VHVKDYHEHHQFDUULHGRXWXVLQJ VLQJOH IDFWRU VLPSOH
UHJUHVVLRQDQDO\VHVPHWKRGRIGDWDREWDLQHGE\PHDVXUHPHQWVDQGGDWDFDOFXODWHG7KHREWDLQHGUHVXOWVVKRZWKH
DGHTXDF\DQGXVDELOLW\RIFKRVHQPRGHOVIRUWKHGHVFULSWLRQRIHQYLURQPHQWDOLQGLFDWRUVZLWKLQERXQGDULHVRIWKHLU
FKDQJHV$OOLQGLFDWRUFKDQJHVDUHZLWKLQSUREDELOLW\LQWHUYDOVIRUDYHUDJHDQGLQGLYLGXDOLQGLFDWRUYDOXH7KH
XQFHUWDLQW\ RI WKH FDOFXODWLRQV FDUULHG RXW E\ PRGHOV LV FKDUDFWHUL]HG E\ SUREDELOLW\ LQWHUYDO RI DYHUDJH YDOXHV
UHJUHVVLRQOLQHVEXWIRUXQFHUWDLQSURJQRVHVIRUHFDVWRIQHZPHDVXUHPHQWVDQLQGLYLGXDOYDOXHRILQGLFDWRUFDQ
EHXVHG(QYLURQPHQWDOLQGLFDWRUFRUUHODWLRQZLWKWKHQXPEHURIFDUVFDQEHXVHGWRDVVHVVWKHHQYLURQPHQWDOLPSDFW
IURPURDGV7KHUHVXOWVVKRZVHOHFWHGPRGHOVDGHTXDF\DQGXVDELOLW\RIHQYLURQPHQWDOLQGLFDWRUVLQWKHIROORZLQJ
UDQJH
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$FNQRZOHGJHPHQWV
7KH DXWKRUV ZLVK WR WKDQN WKH FROOHDJXHV IURP WKH ,QVWLWXWH RI (QHUJ\ 6\VWHPV DQG (QYLURQPHQW RI 5LJD
7HFKQLFDO8QLYHUVLW\IRUWKHLUKHOSIXOFRPPHQWVDQGVXJJHVWLRQV
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